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Abstract

Fig. 1

In 2016, Ohioan property owners decided to sell their 10.81-acre
parcel, located in Bullitt County, Ky. Though the property was desirable from the standpoint of location and aesthetics, potential buyers
were concerned about the large number of sinkholes found on the
property. A Cedarville University geology senior-project was formulated to determine whether the property had restrictive geotechnical
conditions that limited it for residential purposes (specifically for a
single-family dwelling). There were three major components to the
project: 1) exploration (both desktop and field study) of the geologic/karstic/soil nature of the property, 2) geotechnical assessment (specifically Atterberg limits testing) of soil samples obtained from the
property, and 3) results from a residential survey questionnaire sent
out to surrounding property owners. Based on the findings from this
study, it was determined that the karstic condition and character of the
soils were limiting factors for many types of construction, but they
did not necessarily preclude the construction of a single-family dwelling.

Characterization of the Site

Fig. 8

1.1 Geology of Property

Observed in the field, are areas in the northern slope which contains darker-colored weathered limestone outcrops that parallel the slope (Fig. 7). Large flagstones of this limestone are
also found throughout this slope as well. Furthermore, there are side streams, a cross-sectional stream (that feeds from a nearby lake), a spring, and a small waterfall (Fig. 2).

Lorem ipsum

1.2 Number/Nature of Sinkholes

2.1 Soil Sampling
Selecting Hole Locations

On 5/22/19 and 11/27/2019, the sinkhole locations were recorded using a Garmin Dakota 10
GPS device. A total of 46 sinkholes were recorded (Fig. 1). The sinkholes themselves are
smaller in size and shallow in depth. All observed/documented sinkholes were in the northern part of the property. DEM imaging shows that depressions continue further in a linear
trend in the NW direction. Most of the sinkholes were subsidence sinkholes or soil-cover-collapse sinkholes (Figs. 3-6).

On 11/29/2019, six locations for sampling holes were selected based on the sewage system requirements, stated in the 902 KAR
10:085 document, particularly in a karstic area.

Digging Holes and Obtaining Soil Samples

During the dates 12/22/19, 12/25/19, and 12/26/19, the six holes (see Hole#6 in Fig. 1) were dug and the soil (as well as rock samples) were collected. The equipment used to dig holes were hand-held post-hole diggers and shovels.
Within each hole, soil samples were collected from each soil horizon. Soil horizons were determined based on the color and texture of
the soil. When collecting a soil sample from a hole, a spoon or probe was used to collect approximately 500 g of soil. The soil sample
was then placed in a labeled Ziploc freezer quart bag.

Furthermore, two sinkholes exhibited exposed bedrock near their openings. The one sinkhole (Fig. 3) has been reported by the property owner to have produced a steam-like condensation from its opening more than once. Occurrences would take place during the fall or
spring when the dew point was high and the temperature around 10° C. Upon further investigation of the sinkhole, there was a small opening that went under the exposed bedrock
within the sinkhole. The other hole (Fig.6), during April of 2019, was observed to have a
very low water flow at the bottom of it (in September of 2019, this sinkhole was very dry).

2.2 Soil Testing
Atterberg Limits Testing

During February 2020 and from May 2020-August 2020, Atterberg Limit testing and water content determination were conducted
based on the procedures from ASTM D-4318 (2000) and ASTM D-2216 (1998). Specifically, a water moisture content test and plastic limit test were done for all the soil samples. Also, a liquid limit (see Fig. 2) was conducted for nearly all the samples. Atterberg
Limits/water moisture content completion and official documentation were conducted based on if 1) the samples did not contain large
percentages of coarse-grained material, and 2) overall test results were logical/applicable.

1.3 Approx. Engineering Classification for Karst

Fig. 2

Waltham and Fookes (2003) have developed an engineering classification system, which
ranges from I to V (Juvenile to Extreme Karst). For the property of study—based on
Waltham and Fookes’s classification scheme and diagrams--it has been approximately classified as a kII (Youthful) karstic landscape when considering the nature/number of sinkholes,
bedrock, DEM imaging, spring, and streams.

3.1 Residential Survey Results

Fig. 7

To better understand the residential nature of this area of Bullitt County, a mail survey was sent out in November 2019 to eighteen
property owners in very close proximity to the property of study. The survey addressed the issues of water supply, sewage options,
and sinkhole situation. Out of the eighteen, seven property owners completed and mailed back the residential survey.

1.4 Soil Units

Soil Testing Results

By creating the property’s approximate perimeter on Web Soil Survey (2020), it was found
that four soil units make up the property: 1) CaC (Caneyville Silt Loam), 2) CnD
(Caneyville-Rock Outcrop Complex), 3) CrC (Crider Silt Loam), and 4) No (Nolin Silt
Loam). Fig. 8 shows the extent of these soil units. Together, these soil units create a general
soil unit known as the Caneyville-Crider Soil Unit (Soil Conservation Service, 1986).

Fig. 4
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Fig. 3
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4.1 Soil Results Analysis
4.1.1 LL and PI Result Comparison

When looking at Holes #1-6 soil results, specifically in comparison with Soils Conservation Service (SCS), LL and PI values for the property’s soils, are fairly within the SCS LL and PI value ranges. However, there are cases, for the soil
samples, in which the property LL and PI values fell significantly above or below the SCS LL and PI value ranges. Human error during soil testing or values being legitimate could be the cause of these differing numbers.

4.1.2 Soil Suitability for Backfill Material

4.2 Residential Survey Analysis
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Though the property’s soil quality is problematic, it is evident that construction could be possible because of the property’s proximity to other properties that have been used for residential purposes. Likewise, the karstic aspect—as seen with
the two northern property owners who had sinkhole experiences (though not as severe as the property of study) --would not necessarily prevent construction on the property. For sewage and water supply, most presumably because of the soil
quality (and karstic conditions), all the property owners have a city water supply and use a sewage plant. Similarly, these options should be considered for the property of study because of its soil and karstic situation.
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Recommendations
As mentioned, the soil quality and karstic situation of the property, though both considered limitations, do not necessarily prevent construction. Though extra
costly, if property owners desire construction to commence, there are general recommendations to address the soil and karstic situations, as well as the water supply
and sewage system options.
It is recommended that property owners build the house in the northern area of the property. In this area with the sinkholes, it gives better indication that the bedrock is close to the surface. Since the property has been generalized to have a of kII classification, some construction options include installing piles that consists of
longer segments in some areas of the building’s foundation, or using reinforced ground beams that are meant to cross over small new ground failures (Waltham and
Fookes, 2003). For the soils, it is advised that the soils (because of their overall unsuitability) to be removed and replaced with soils that have lower clay content,
in the construction area (Coulbourne Consulting, 2017). Lastly, it is recommended that the property owners use city water (specifically Louisville Water Company)
and the sewage plant (specifically Bluegrass Water Utility) for their water supply and sewage system.

Conclusion

The property of study has limitations, especially geotechnically, in which the property owners would have to consider if construction of a single-family dwelling were desired to occur. In a general sense, several extra costs and procedures would have to
be performed to address both the karstic situation and soil unsuitability. For more definitive recommendations for the property
of study, it is advised that a thorough subsurface investigation (by means of advanced geophysical techniques and boring) be
considered in the future.
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Assuming soil results are accurate, these results, specifically based on their Unified Soil Classifications, can provide information about the general lateral soil load and its suitability as a backfill material for foundation walls (Coulbourne
Consulting, 2017). For instance, ML and CL have design lateral loads that range from 60 to 100 (pound per square foot per foot of depth). Meanwhile, MH, CH, and OL, are considered unsuitable soils. As a whole, 60% to 100% of soil
samples, in Holes#1-5, are considered as unsuitable soils (with the exception of Hole#6 which is composed of 33%). Consequently, these large percentages of unsuitable soils pose a great limitation to the construction of a single-family
dwelling.
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Fig. 2

Physiographically, the property of study lies in the Outer Blue Grass sub-region of the Blue
Grass Region which has been documented to be highly karstic and high in cave development
(Haney, 1985). On the property, several karst features have been observed, except for distinct cave openings.

Property of Study Location

Image Source: Google Earth Pro
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Residential Survey Results
Property Located near
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